Distinguishing bladder muscularis propria from muscularis mucosae can be problematic especially in transurethral resection specimens performed for bladder carcinoma. Moreover, bladder carcinoma can be associated with a proliferative/desmoplastic myofibroblastic response that can resemble smooth muscle and potentially lead to overdiagnosis of muscularis propria invasion. The aim of this study was to investigate the potential role of immunohistochemistry in staging bladder carcinoma by evaluating the expression of different markers in myofibroblasts and nonvascular smooth muscle cells in 15 cases of invasive bladder carcinoma. Reactive myofibroblasts were consistently positive for vimentin and smooth muscle actin, consistently negative for caldesmon, desmin, and smoothelin, and had variable expression of actin and CD10. Nonvascular smooth muscle cells of the bladder were consistently positive for smooth muscle actin, actin, desmin, and caldesmon, and consistently negative for CD10. In contrast to smooth muscle cells of the muscularis propria, which displayed strong smoothelin expression in all 15 cases, the smooth muscle cells of the muscularis mucosae displayed moderate smoothelin expression in only 1 (9%) of 11 cases (P ¼ 10
Carcinoma of the urinary bladder is a significant cause of morbidity and mortality in the United
States where it is likely that more than 51 000 new cases were diagnosed in 2008. Of these, approximately 20% are estimated to be fatal. 1 The single most important prognostic factor in urothelial carcinoma is pathological stage, 2 which includes the anatomic depth of invasion on which major therapeutic decisions are made. Similar to noninvasive tumors, a carcinoma confined to the lamina propria (LP) is usually treated conservatively, whereas one extending into the muscularis propria almost always dictates more radical surgical management. Accordingly, identification of invasion, and determining its depth if present, is an essential component in the evaluation of bladder biopsies and transurethral resection of bladder tumor specimens that harbor carcinoma. This, however, is not always straightforward and both understaging and overstaging have been reported to occur in a significant proportion of cases. [3] [4] [5] Although the usually thin, wispy, and often discontinuous smooth muscle fibers of the muscularis mucosae that are closely associated with the blood vessels of the LP can readily be distinguished from the thick smooth muscle bundles of the muscularis propria in cystectomy specimens and well-oriented bladder biopsies, [6] [7] [8] [9] this is not always the case in transurethral resection specimens. The fragmentation, tangential sectioning, and thermal artifacts inherent to these specimens, as well as the inflammatory and desmoplastic responses often elicited by invasive tumors, can lead to poor orientation and difficulty in distinguishing the type of smooth muscle invaded by carcinoma (muscularis mucosae vs muscularis propria) and accurately determining the depth of invasion. 10, 11 Moreover, recent studies 7, 8 have emphasized the fact that the muscularis mucosae, not infrequently, can have a thickened hyperplastic appearance that may resemble the thick bundles of the muscularis propria, especially in transurethral resection specimens and may also cause difficulty in staging of cancers in these specimens.
Another potential problem in staging bladder carcinomas is that, similar to invasive carcinomas elsewhere, these tumors are often associated with a variably cellular, spindle-cell myofibroblastic stromal response. This is usually desmoplastic in nature, but more cellular patterns including a pseudosarcomatous stromal response may also be seen. 11, 12 For the most part, these myofibroblasts can be readily distinguished from the smooth muscle cells of the muscularis mucosae or muscularis propria; however, we have seen cases of bladder carcinoma misdiagnosed as muscularis propriainvasive disease based solely on the presence a cellular myofibroblastic response surrounding the tumor, including one where immunoreactivity for smooth muscle actin was used to 'support' the diagnosis of muscularis propria invasion. This raises several important questions: can immunohistochemistry help distinguish between reactive myofibroblasts and smooth muscle cells of the bladder, or, given the importance of the issue, between muscularis mucosae and muscularis propria; and, if so, can immunohistochemistry be used as an adjunct in staging carcinomas of the bladder, especially in the circumstances discussed above?
Although the use of immunohistochemistry in the evaluation of spindle-cell tumors and tumor-like proliferations of the bladder is well established, 13 to the best of our knowledge its potential function, if any, in staging bladder carcinoma has not been fully evaluated. To address this issue, the immunohistochemical expression of different potentially discriminatory markers in myofibroblasts and smooth muscle cells of the muscularis mucosae and muscularis propria from cystectomy specimens was evaluated and presented herein.
Materials and methods
After approval by the University of Alabama at Birmingham Institutional Review Board, 15 consecutive cystectomy specimens resected at the University Hospital for invasive bladder carcinoma were reviewed to identify representative sections of muscularis propria-invasive tumor associated with a myofibroblastic response and/or muscularis mucosae adjacent to or involved by tumor. We purposefully limited this study to cystectomy specimens as, in contrast to some transurethral resection specimens, the depth of invasion and type of muscle can readily be determined based on hematoxylin and eosin-stained sections. As is the case in routine practice, this morphologically determined depth of invasion/type of muscle was considered to be the gold standard.
Immunohistochemistry was then performed on sections from the corresponding paraffin blocks using an automated immunostainer (Benchmark XT; Ventana Medical Systems, Tuscon, AZ, USA or Autostainer 720; Lab Vision Corporation, Freemont, CA, USA). The antibodies used, their clones, dilutions, and sources are presented in Table 1 . Most of these antibodies were chosen because (1) they are known to be expressed in mesenchymal 16, 17 (2) they have been previously validated in our lab and in routine use; and (3) preliminary testing (in two cases) suggested that they have the best discriminatory power among a larger group of antibodies we tested that also included cytokeratin CAM5.2, calponin, collagen type IV, and anaplastic lymphoma kinase-1 (data not shown). On the other hand, smoothelin, a novel 59 kDa cytoskeletal protein marker that has been found to be selectively expressed in smooth muscle cells of various organs 18 including the bladder, 19, 20 was selected after reading an abstract by Lapetino et al 21 that suggested that it has some utility in distinguishing between muscularis mucosae and muscularis propria of the bladder.
Interpretation of immunohistochemical stains in each case was performed by semiquantitatively analyzing the intensity of staining separately in each compartment (myofibroblasts, smooth muscle of the muscularis mucosae, and smooth muscle of muscularis propria). Vascular smooth muscle was used as an internal control for all antibodies except CD10, with absent staining categorized as negative (0), and an intensity of staining that was weaker, equal to, or stronger than the intensity of staining in vascular smooth muscle categorized as weak ( 
The patterns of staining in the different compartments were compared to each other and the utility of the different antibodies in distinguishing between myofibroblasts and smooth muscle cells, and between the smooth muscle of the muscularis mucosae and that of the muscularis propria was evaluated by comparing the sensitivity (true positives/true positives þ false negatives), specificity (true negatives/ true negatives þ false positives), and accuracy (true positives þ true negatives/true positives þ false positives þ true negatives þ false negatives) rates of each immunostain in identifying the specific components. The 95% confidence intervals (CI) for proportions based on a binomial probability distribution were also calculated to assess the accuracy of the estimates of the sensitivity, specificity, and accuracy rates of the different immunostains in labeling the compartment in question.
Statistical analysis was used to compare the categorical data obtained using either the w 2 -test, or the Fisher's exact test, as statistically appropriate. A P-value of 0.05 was considered statistically significant.
Results

Light Microscopic Findings
There were 14 high-grade urothelial carcinomas and 1 squamous-cell carcinoma. Of all cases, 14 showed a variably cellular desmoplastic/myofibroblastic tumor response (including 1 with a pseudosarcomatous reaction), and 11 had residual muscularis mucosae adjacent to and/or involved by tumor.
Immunohistochemical Findings (Table 2)
Reactive myofibroblasts displayed strong vimentin expression and moderate to strong smooth muscle actin expression in all cases, with no expression of caldesmon, desmin, and smoothelin in any case ( Figure 1 ). In addition, weak actin expression was Table 2 Expression of different immunohistochemical markers within myofibroblastic cells, smooth muscle cells of the muscularis propria, and smooth muscle cells of the muscularis mucosae in 15 cystectomy specimens with invasive carcinoma
Staining intensity
Immunohistochemical marker
11 (100) 11 (100) 7 (64) 11 ( seen in 8 (53%) cases, whereas CD10 expression, of variable intensity, was seen in 11 (73%) cases. Smooth muscle cells of the muscularis mucosae and muscularis propria had similar expression profiles for most markers; there was strong expression of smooth muscle actin, actin, and desmin, and variably intense expression of caldesmon in all cases, with no CD10 expression in any case (Figures 1-3) . The expression of smoothelin and vimentin in the smooth muscle of the muscularis mucosae, however, was different from that in the smooth muscle of the muscularis propria. Smooth muscle cells of the muscularis mucosae were mostly negative (Figure 2g ) or weakly expressed smoothelin; only one case (9%) had moderate expression (Figure 3d ). In contrast, the smooth muscle cells of the muscularis propria were strongly smoothelin positive (Figure 1f ) in all 15 cases (P ¼ 0.0000001). In a similar fashion, smooth muscle cells of the muscularis mucosae were positive for vimentin (Figures 2h and 3c ), in most cases (9 of 11; 82%), whereas smooth muscle cells of the muscularis propria rarely expressed vimentin (1 of 15; 7%) (P ¼ 0.00016). This absent/weak vimentin expression in the muscularis propria was limited to smooth muscle cells only as moderate to strong expression was present in the endomysial and endothelial cells interspersed between the smooth muscle fibers (Figure 1h ). (Table 3) When any intensity of immunoreactivity was considered positive, smooth muscle actin, actin, caldesmon, and desmin immunostains were equally effective in highlighting smooth muscle cells of both compartments (muscularis mucosae or muscularis propria), each with a sensitivity of 100%. The sensitivity of smoothelin in this regard was 85%, but was 100% when only smooth muscle cells of muscularis propria were considered (see below). Caldesmon, desmin, and smoothelin immunostains were more specific than smooth muscle actin and actin in highlighting smooth muscle cells, as the specificity of each of the former immunostains was 100%, whereas that of smooth muscle actin was 0% (Po0.0001), and that of actin was 47% (P ¼ 0.0003). Thus among the different contractile markers, caldesmon and desmin appeared to be equally effective in distinguishing between nonvascular smooth muscle cells in the bladder and reactive myofibroblasts. As noted before however, desmin, in contrast to caldesmon, consistently produced strong staining of smooth muscle cells (Table 1) and, as such, might be the better choice.
Immunohistochemical Stains in Distinguishing Smooth Muscle Cells from Reactive Myofibroblasts
Although negative vimentin or CD10 immunostains also favored smooth muscle cells, these immunostains were less accurate than caldesmon and desmin and did not add additional discriminatory power. (Table 4) Although the expression of smooth muscle actin, actin, caldesmon, and desmin in the smooth muscle cells of the muscularis propria and in those of the muscularis mucosae was identical, differential expression of smoothelin (Figure 4h ) and vimentin appeared to be useful in distinguishing between the two. The sensitivity of smoothelin for labeling smooth muscle cells of the muscularis propria was 100% and its specificity was 36% when any intensity of immunoreactivity was considered positive; however, the specificity progressively increased with more intense staining cutoffs, becoming 100% when the cutoff was strong staining ( Table 4 ). Given that vimentin was only rarely expressed in the smooth muscle cells of the muscularis propria, the sensitivity of negative or weak vimentin expression for labeling such cells was 100% but the specificity was only 9%; using a negative immunoreaction as the cutoff increased the specificity to 82% whereas the sensitivity decreased to 93%.
Using the two immunostains in combination also improved detection of smooth muscle cells of the muscularis propria as the sensitivity of moderate or strong smoothelin expression combined with negative vimentin expression was 93% and the specificity was 100%, whereas the sensitivity of moderate or strong smoothelin expression combined with negative or weak vimentin expression was 100% and the specificity was 100%.
Discussion
In this study we have shown that differential expression of immunohistochemical markers appears potentially useful in distinguishing between myofibroblasts and smooth muscle cells of the bladder, and also between the smooth muscle cells of the muscularis mucosae and those of the muscularis propria. Specifically, desmin or caldesmon appeared to be accurate immunostains that can help distinguish smooth muscle cells from myofibroblasts, whereas smoothelin and vimentin, especially if used in combination, may also help distinguish muscularis mucosae from muscularis propria. Evaluation of additional cases and confirmatory studies on transurethral resection specimens are warranted to further explore this, as well as the overall potential utility of immunohistochemistry as Figure 2 Expression of different immunostains in the smooth muscle of the muscularis mucosa. The smooth muscle fibers of the muscularis mucosae in this bladder (a, b) were strongly immunoreactive for desmin (c), actin (d), and smooth muscle actin (e), weakly immunoreactive for caldesmon (f), and negative for smoothelin (g). The smooth muscle fibers of the muscularis mucosae were also weakly positive for vimentin (h, inset) and negative for CD10 (not shown).
a potential aid to morphology in staging of bladder carcinoma.
The evaluation of bladder lesions usually entails obtaining cold biopsy and transurethral resection specimens for histopathological examination. One of the requirements for adequate evaluation of these specimens is the determination of extent of involvement or pathological stage when carcinoma is present. 22 Such carcinoma may be limited to the epithelium (noninvasive papillary carcinoma (pTa) or carcinoma in situ (pTis)), extend into the subepithelial connective tissue/LP (pT1), invade Figure 3 Smoothelin expression in the smooth muscle of the muscularis mucosae. Section of bladder showing an edematous lamina propria involved by high-grade urothelial carcinoma with angiolymphatic invasion (a, inset). In addition to being immunoreactive for desmin (b) and vimentin (c, inset), the smooth muscle fibers of the muscularis mucosae in this case displayed moderate immunoreactivity for smoothelin (d), more reminiscent of the intensity of staining associated with muscularis propria. The muscularis mucosae were also positive for other muscle markers and negative for CD10 (not shown). CI, confidence interval; SMA, smooth muscle actin. a Both the sensitivity and accuracy of smoothelin increased to 100% when only smooth muscle of the muscularis propria was considered.
IHC of bladder smooth muscle and myofibroblasts L Council and O Hameed the detrusor muscle/muscularis propria (pT2), or extend into the perivesical soft tissues (pT3). 23 Although this might appear relatively straightforward, there are several well-known pitfalls in the pathological staging of bladder carcinoma 5, [10] [11] [12] 22, 24 that one should be aware of to avoid both understaging and overstaging of bladder carcinoma, both reported in a significant proportion of cases. [3] [4] [5] One such caveat is misdiagnosing the smooth muscle of the muscularis mucosae as smooth muscle cells of muscularis propria suggesting a diagnosis of pT2 disease and leading to radical surgical management (cystectomy) for a tumor that would otherwise be treated conservatively (intravesical BCG therapy). This is a well-recognized problem especially in the evaluation of bladder biopsies and transurethral resection specimens. 7, 8, 10, 11 A less recognized problem that we have occasionally encountered is cases in which myofibroblasts comprising the desmoplastic (or more cellular) spindle-cell response associated with invasive carcinoma (that is otherwise limited to the LP) had been misinterpreted as smooth muscle cells of the muscularis propria leading to a diagnosis of muscularis propria-invasive tumor. After encountering one such case in which the diagnosis was 'supported' by a positive smooth muscle actin immunostain in the spindle cells in question, we wanted to further characterize the immunohistochemical profile of these myofibroblasts as well as those of the smooth muscle cells of muscularis mucosae and smooth muscle cells of the muscularis propria to investigate the potential role of immunohistochemistry in distinguishing these cell types.
Accordingly, we evaluated the expression of different immunohistochemical markers that are known to be expressed in mesenchymal cells, contractile cells, or reactive stromal cells. We found that the different contractile markers were all very sensitive for detecting smooth muscle cells; however, in contrast to the other markers, both smooth muscle actin and actin were not sufficiently specific Figure 4 The utility of different immunostains in distinguishing the smooth muscle of the muscularis mucosae from reactive myofibroblasts and the utility of smoothelin in specifically highlighting the muscularis propria. A section of bladder showing high-grade urothelial carcinoma within the lamina propria associated with a dense lymphoplasmacytic infiltrate and a spindle-cell fibroblastic reaction (a, b) that renders identification of individual smooth muscle fibers of the muscularis mucosae very difficult. The diffuse patterns of immunoreactivity within the spindle-cell area for vimentin (c), CD10 (d), and smooth muscle actin (e) in this setting do not appear to be of much help in distinguishing smooth muscle cells from myofibroblasts. On the other hand, the patterns of staining obtained with desmin (f) and less so for actin (g) seem to be more helpful in this regard as they appear to highlight two populations of spindle cells: dispersed individual or clustered positive cells presumed to be smooth muscle cells, and surrounding negative cells presumed to be myofibroblastic in nature (g). A smoothelin immunostain (h) was diffusely negative in the lamina propria and only highlighted the smooth muscle fibers of the muscularis propria (bottom left corner).
in distinguishing these cells from myofibroblasts. This is not surprising as myofibroblasts have previously been shown to express such 'smooth muscle-specific' markers. [25] [26] [27] On the basis of this, we do not recommend using either of these two markers to evaluate histologically equivocal muscleinvasive bladder carcinoma. On the other hand, this study demonstrated that desmin, caldesmon, and Figure 5 The utility of different immunostains in distinguishing the smooth muscle of the muscularis propria from a pseudosarcomatous reactive myofibroblastic response resembling smooth muscle fibers. A case of high-grade urothelial carcinoma associated with a cellular spindle-cell pseudosarcomatous response that is infiltrating between the fibers of the muscularis propria (a, b). The residual muscle fibers display more eosinophilic cytoplasm, most evident in the upper right hand corner of b (arrows). Compared to myofibroblasts within the cellular response, smooth muscle cells showed more intense staining for smooth muscle actin (c; arrowheads); however, desmin had better discriminatory power, as only smooth muscle cells were positive with this immunostain (d). Caldesmon and smoothelin immunostains (not shown) resulted in a pattern of staining similar to that of desmin (albeit with weaker intensity). Table 4 The sensitivity, specificity, and accuracy rates of smoothelin and vimentin in distinguishing the smooth muscle cells of the bladder muscularis propria from the those of the muscularis mucosae 19 or those associated with acute inflammation and tumor desmoplasia 28 lack such expression; indeed recent reviews on the subject have emphasized that lack of desmin and caldesmon expression should be considered one of the characteristic features of myofibroblasts. 27, 29 It is unclear why this contrasts with myofibroblastic tumors of the bladder that are well known to express desmin and caldesmon in a significant proportion of cases. 13 Because of the high sensitivity and specificity of desmin, caldesmon, and smoothelin immunostains for detecting smooth muscle cells, the addition of less discriminatory markers, such as vimentin and CD10, was not further useful for distinguishing them from myofibroblasts. Moreover, the wide variation in the intensity of CD10 staining of myofibroblasts as well as the lack of a valid internal control further curtailed its potential diagnostic utility.
On the other hand, we found absence of vimentin expression to be potentially useful in distinguishing the muscularis propria from the muscularis mucosae, as smooth muscle cells of the muscularis propria lacked such expression in all but one case, which contrasted with the smooth muscle cells of the muscularis mucosae in which most cases displayed weak or moderate expression. Given its ubiquitous nature in different cells of mesenchymal origin, lack of vimentin expression in smooth muscle cells of the muscularis propria was totally unexpected and a finding that we originally considered dismissing. A subsequent search of the literature, however, did reveal a recent study in which the smooth muscle cells of the muscularis propria from all eight cystectomy specimens evaluated by immunofluorescence were also found to be negative for vimentin. 19 Moreover, the authors found that 'vimentin-positive cells were present between smooth muscle bundles, as well as in the microseptae surrounding their component fascicles, but not between individual smooth muscle cells ', 19 which is very similar to the moderate to strong immunohistochemical expression of vimentin we found in the endomysial and endothelial cells interspersed between the smooth muscle fibers of our cases. These findings appear to corroborate ours in that there is indeed a difference in vimentin expression levels between the smooth muscle cells of the muscularis mucosae and those of the muscularis propria.
Another marker we found useful in distinguishing muscularis propria from muscularis mucosae was smoothelin, as moderate to strong expression was 91% specific for smooth muscle cells of the muscularis propria, whereas strong expression was 100% specific for muscularis propria. The expression of smoothelin in the bladder was first detected by Maake et al 20 who found that the gene and protein (detected by RT-PCR and immunofluorescence, respectively) were expressed by the smooth muscle cells of the muscularis propria in 8 normal and 13 overactive bladders. Subsequently, Kuijpers et al 19 found that protein expression was limited to the muscularis propria and was not identified in the muscularis mucosae in eight cystectomy specimens. This was most recently confirmed in a larger study by Lapetino et al 21 who found that the smooth muscle cells of all 32 evaluated sections of muscularis propria displayed moderate or strong smoothelin expression in contrast to the smooth muscle cells of muscularis mucosae where moderate expression was only seen in 2 of 25 examples of hyperplastic muscularis mucosae and not in 32 examples of conventional muscularis mucosae. These findings are remarkably similar to ours despite probable variations in antibody dilutions and methodologies among the different studies.
As often is the case when different diagnostic tests are used in combination, we found that using vimentin and smoothelin in combination produced better sensitivity, specificity, and accuracy rates than when each immunostain was used individually. One option would be to use them in combination, as part of an algorithmic approach in the evaluation of foci of bladder carcinoma suspicious for muscularis propria invasion ( Figure 6 ).
The fact that smoothelin has been shown to be expressed at later stages of smooth muscle differentiation 30, 31 and/or in smooth muscle cells of the so-called contractile phenotype (rather than in those of the proliferative/synthetic phenotype) 18 ,32 may account for the differences in the expression of this marker between the muscularis propria and muscularis mucosae. It can also be argued that similar developmental and functional considerations may explain the differential vimentin expression patterns of the smooth muscle in these two compartments. Obviously, more work is needed to investigate this.
Although the findings in this study clearly suggest that there is a potential role for immunohistochemistry in staging of bladder carcinoma, they are somewhat impacted by relying, to a certain extent, on different staining intensities in distinguishing between the muscularis propria and muscularis mucosae, which might create issues with reproducibility. Using vascular smooth as an internal reference for comparison would help in minimizing potential variations in intensity among different laboratories due to different fixation methods, antibody dilutions, etc. Although inclusion of a relatively small number of cystectomy specimens might also be considered another limitation, this was, by design, a preliminary exploratory study of different immunohistochemical markers in nonequivocal cases (where there was no question regarding the depth of tumor invasion) to identify those immunostains that might be useful as an aid in staging of bladder carcinoma.
Our findings suggest that a panel composed of desmin, smoothelin, and vimentin immunostains, possibly using an algorithmic approach such as the one displayed in Figure 6 , appears to have the most potential in this regard. Nevertheless, these results need to be validated in a larger sample of transurethral resection specimens (with questionable depth of invasion and where cystectomy follow-up staging data can be used as a gold standard) before more definitive conclusions can be made.
In summary, we have shown that differential expression of immunohistochemical markers can potentially distinguish between myofibroblasts and smooth muscle cells of the bladder, and also between the smooth muscle cells of the muscularis mucosae and those of the muscularis propria. Evaluation of additional cases, especially transurethral resection specimens that, as discussed above, are often the most difficult to stage, is warranted to further assess the potential role of immunohistochemistry in staging of bladder carcinoma. Finally, and as in any other diagnostic setting, we would caution that any number of immunohistochemically stained sections can only supplement and never replace morphological findings based on hematoxylin and eosin-stained sections. Figure 6 An algorithmic approach to the use of desmin, smoothelin, and vimentin immunohistochemistry in the evaluation of foci of bladder carcinoma suspicious for muscularis propria invasion.
